ing glucose-ethanol-acetic acid medium, as described previously (Yamada et al., 1976 (Yamada et al., , 1999 (Yamada et al., , 2000 Yukphan et al., 2004c) , and examined phylogenetically, genetically, phenotypically, and chemotaxonomically. Gluconobacter oxydans NBRC 14819 T , G. cerinus NBRC 3267 T , G. frateurii NBRC 3264 T , G. albidus NBRC 3250 T , G. thailandicus BCC 14116 T , G. kondonii NBRC 3266 T , G. roseus NBRC 3990 T , G. japonicus NBRC 3271 T , G. sphaericus NBRC 12467 T , and Acetobacter aceti NBRC 14818 T were used as reference strains.
Extraction and isolation of bacterial chromosomal DNAs were performed by a modifi cation of the methods of Marmur (1961) (Ezaki et al., 1983; Saito and Miura, 1963) . DNA base composition was determined by the method of Tamaoka and Komagata (1984) . DNA-DNA hybridization was carried out by the photobiotin-labeling method using microplate wells (Ezaki et al., 1989) with colorimetrically detection (Verlander, 1992) . The color intensity was measured at A 450 on a microplate reader (VERSAMax TM Tunable Microplate Reader, Molecular Devices, Sunnyvale, CA, USA). The highest and lowest values obtained in each sample were excluded, and the mean of the remaining three values was taken as the relatedness level.
The DNA G+C contents of isolates AD92 T and AD93 were 59.5 and 59.4 mol%, respectively, with a range of 0.1 mol%, showing that the isolates were included in the higher DNA G+C content group, the sublineage of G. oxydans, or Phenon B (Table 1) (Gosselé et al., 1983; Yamada and Akita, 1984a; Yamada et al., 1984 Yamada et al., , 2000 .
When an isolated, single-stranded, and labeled DNA from isolate AD92 T was hybridized with DNAs from test strains in 2 SSC containing 50% formamide at 49.0 C for 15 h, isolate AD92 T represented levels of DNA-DNA hybridization of 90% and 7 47%, respectively, to isolate AD93 and the type strains of Gluconobacter species and A. aceti (Table 1 ). The type strains of the Gluconobacter species in the lower DNA G+C content group or Phenon A gave low levels of DNA-DNA hybridization of 10 20%. Labeled single-stranded DNAs from isolate AD 93 and G. oxydans NBRC 14819 T gave levels of DNA-DNA hybridization, respectively, of 11 53% and 14 59% to the type strains of the presently existing Gluconobacter species. The data obtained indicated that the isolates are genetically separated at the species level and constitute a single species.
Phylogenetic analyses based on 16S rRNA gene and 16S 23S rRNA gene ITS sequences were made for isolates AD92 T and AD93, as described previously (Malimas et al., 2007; Yukphan et al., 2004b, c) . Multiple sequence alignments were made with the program CLUSTAL X (version 1.81) (Thompson et al., 1997) . Sequence gaps and ambiguous bases were excluded. Distance matrices were calculated by the two-parame- , not determined. a Cited from Yukphan et al. (2004d) . b Cited from Malimas et al. (2007) . ter method of Kimura (1980) . The neighbor-joining method was used for constructing phylogenetic trees (Saitou and Nei, 1987) . In addition, the maximum parsimony method and the maximum likelihood method were used for constructing phylogenetic trees based on 16S rRNA gene sequences (Felsenstein, 1981 (Felsenstein, , 1983 . Robustness for individual branches was estimated by bootstrapping with 1,000 replications (Felsenstein, 1985) with the program MEGA (version 4.0; Tamura et al., 2007) . In particular, the program PHYLIP (version 3.6; J. Felsenstein, University of Washington, Seattle, WA, USA) was used for a phylogenetic tree constructed by the maximum likelihood method.
In a phylogenetic tree based on 16S rRNA gene sequences of 1,382 bases constructed by the neighborjoining method the two isolates AD92 T and AD93 were included in the sublineage of G. oxydans, but formed a quite independent cluster (Fig. 1a ). In two additional phylogenetic trees constructed by the maximum parsimony and by the maximum likelihood methods, the clustering was similar (data not shown). In a phylogenetic tree based on 16S 23S rRNA gene ITS sequences of 654 bases, the two isolates formed a similar independent cluster (Fig. 1b) .
The calculated pair-wise 16S rRNA gene sequence similarities of isolate AD92 T for 1,382 bases were 97.3 99.4% to the type strains of Gluconobacter species (Table 1 ). In contrast, the calculated pair-wise sequence similarities of the isolate were 78.6 90.9% for 676 bases of 16S 23S rRNA gene ITS sequences. Between the two isolates, the pair-wise sequence similarities were 100 and 100% in 16S rRNA gene and 16S 23S rRNA gene ITS sequences. The data obtained above support that the two isolates constitute a separate taxon. The phylogenetic trees based on 16S rRNA gene sequences (a) and on 16S 23S rRNA gene ITS sequences (b) were constructed by the neighborjoining method. The type strain of Acetobacter aceti was used as an outgroup. Numerals at the nodes indicate bootstrap percentages derived from 1,000 replications. Abbreviations: G., Gluconobacter; A., Acetobacter; R., Rhodospirillum. Restriction analysis was made for the restriction endonucleases that differentiate isolate AD92 T from the type strains of the nine Gluconobacter species on 16S 23S rRNA gene ITS sequences for ca. 729 bp by computer analysis using the program NEBcutter (version 2.0, New England BioLabs, Beverley, MA, USA) (Malimas et al., 2006; Yukphan et al., 2004a, b) . Isolate AD92 T showed calculated restriction fragments comprised respectively of 601, 58, 35, 29, and 6 bp, 455, 177, and 97 bp, 512 and 217 bp, 496, 148, 67, 10 and 8 bp, 581 and 148 bp, and 375 and 354 bp, when digested with restriction endonucleases MboII, Bsp1286I, BstNI, BsaJI, BsoBI, and AvaII.
The 16S 23S rRNA gene ITS PCR products of isolate AD92 T , AD93 and the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. cerinus, G. frateurii, G. thailandicus, and G. japonicus were prepared and examined for restriction analysis using restriction endonucleases MboII (Fermentas, Hanover, MD, USA), Bsp1286I (New England BioLabs), BstNI (Fermentas), BsaJI (Fermentus) and BsoBI (Fermentas) (Malimas et al., 2006; Tr ek and Teuber, 2002; Yukphan et al., 2004a, b) . The combination of the fi ve restriction endonucleases differentiated isolates AD92 T and AD93 from the type strains of the nine Gluconobacter species. In particular, the isolates were discriminated by MboII and Bsp1286I digestions from the type strains of G. cerinus, G. frateurii, G. thailandicus, and G. japonicus in the lower DNA G+C content group ( Figs. 2a and 2b) (Yukphan et al., 2004a,b) . The isolates were different in Bsp1286I digestion from the type strains of G. oxydans, G. albidus, G. roseus, and G. sphaericus except for the type strain of G. kondonii in the higher DNA G+C content group (Fig. 2b) (Malimas et al., 2008d) . The differentiation between the isolates and the type strain of G. kondonii was made by MboII digestion (Fig. 2a ) as well as by AvaII digestion (data not shown) (Malimas et al., 2007) . The 16S 23S rRNA gene ITS restriction data obtained indicated that the isolate can be distinguished taxonomically from the type strains of the nine Gluconobacter species.
Isolates AD92 T and AD93 were examined for morphological, physiological, biochemical, and chemotaxonomic characteristics, as described previously (Asai et al., 1964; Gosselé et al., 1983; Katsura et al., 2002; Malimas et al., 2007; Mason and Claus, 1989; Yamada et al., 1969 Yamada et al., , 1976 Yamada et al., , 1999 Yukphan et al., 2004c, d) .
The phenotypic and chemotaxonomic characteris-tics determined were described in the species description of Gluconobacter kanchanaburiensis sp. nov. It is noted that isolate AD92 T had a quite different phylogenetic position from G. sphaericus NBRC 12467 T in spite of showing common phenotypic features, viz., production of a water-soluble brown pigment and 2,5-diketo-D-gluconate from D-glucose (Fig.  1) . In addition, the isolate had polar fl agellation, differing from G. sphaericus NBRC 12467 T , which was non motile and showed no fl agellation (Ameyama, 1975; Malimas et al., 2008d) .
Isolates AD92 T and AD93 produced a water-soluble brown pigment and 2,5-diketo-D-gluconate from D-glucose, differing from the type strains of the eight Gluconobacter species, viz., G. oxydans, G. albidus, G. kondonii, G. roseus, G. cerinus, G. frateurii, G. thailandicus, and G. japonicus, except for the type strain of G. sphaericus, and acid from meso-erythritol weakly, differing from the type strains of the remaining seven Gluconobacter species except for the type strain of G. roseus, but not from maltose, differing from the type strain of G. oxydans (Table 2) . Concerning growth on pentitols, isolate AD92 T showed growth on D-arabitol, but not on L-arabitol or on meso-ribitol, differing from the type strains of G. cerinus, G. frateurii, G. thailandicus, and G. japonicus in the lower DNA G+C content group, and required nicotinic acid for growth, as found in the type strains of G. oxydans, G. albidus, G. kondonii, G. roseus, and G. sphaericus in the higher DNA G+C content group. Isolate AD92 T was differentiated from isolate AD93 by growth on L-sorbose, mesoerythritol and raffi nose. Isolates AD92 T and AD93 were exactly discriminated from the type strains of the nine Gluconobacter species by a 16S 23S rRNA gene ITS restriction analysis using the fi ve restriction endonucleases, MboII, Bsp1286I, BstNI, BsaJI, and BsoBI (Fig. 2) .
As described above, isolate AD92 T and AD93 are distinguished genetically, phylogenetically, phenotypically, and chemotaxonomically from the type strains of the nine Gluconobacter species, viz., G. oxydans, G. albidus, G. kondonii, G. roseus, G. sphaericus, G. cerinus, G. frateurii, G. thailandicus, and G. japonicus (Table 2) . Gluconobacter kanchanaburiensis sp. nov. is therefore proposed for the two isolates, AD92 T and AD93 in the higher DNA G+C content group, the sublineage of G. oxydans, or Phenon B.
Description of Gluconobacter kanchanaburiensis sp. nov.
Gluconobacter kanchanaburiensis (kan.cha.na.bu. ri.en sis. N. L. masc. adj. kanchanaburiensis pertaining to Kanchanaburi, Thailand, where the type strain was isolated).
Gram-negative rods, measuring 1.0 1.2 2.2 3.0 μm and motile with polar fl agella. Grows at pH 3.5 and at 35 C. However, the maximum growth is shown at pH 5.5 and at 25 C. Does not oxidize acetate or lactate. Grows on mannitol agar and weakly on glutamate agar. Produces a water-soluble brown pigment, 2-keto-D-gluconate, 5-keto-D-gluconate, and 2,5-diketo-Dgluconate from D-glucose and dihydroxyacetone from glycerol. Acid is produced from D-glucose, D-mannose, D-galactose, D-xylose, L-arabinose, D-fructose, D-man-nitol (weakly positive), meso-erythritol (weakly positive), D-arabinose (weakly positive), D-sorbitol (weakly positive), L-sorbose (weakly positive), glycerol, raffinose (weakly positive), sucrose, melibiose, and ethanol. From L-rhamnose, maltose, dulcitol, and lactose, acid is not produced. Grows on D-glucose, D-galactose (weakly positive), D-xylose (weakly positive), Dfructose (weakly positive), D-mannitol, L-arabinose (weakly positive), L-sorbose, D-sorbitol, meso-erythritol, raffi nose (weakly positive), glycerol, sucrose and ethanol (weakly positive). No growth is shown in Dmannose, D-arabinose, L-rhamnose, dulcitol, maltose, melibiose or lactose. Growth on pentitol is shown in D-arabitol but not in L-arabitol or meso-ribitol. Requires nicotinic acid for growth. Restriction analysis in 16S 23S rRNA gene ITS represents the Go type, the Go, G. oxydans; Ga, G. albidus; Gk, G. kondonii; Gc, G. cerinus; Gf, G. frateurii; Gr, G. roseus; Gs, G. sphaericus. a For details, see references (Malimas et al., 2006; Yukphan et al., 2004a, b) . b Cited from Yukphan et al. (2004d) . c Cited from Malimas et al. (2007) . d Cited from Malimas et al. (2008b) . e Cited from Malimas et al. (2008d) . f Cited from Tanasupawat et al. (2004) . g Cited from Malimas et al. (2009). Vol. 55 MALIMAS et al. Gk type, the Ga type, the Gs type, and the Ga type of restriction patterns by digestion respectively with MboII, Bsp1286I, BstNI, BsoJI, and BsoBI. Major ubiquinone is Q-10. DNA base composition is 59.5 59.4 mol% G+C with a range of 0.1 mol%.
The type strain is AD92 T , which has a DNA G+C of 59.5 mol%, and which was isolated from a spoiled fruit of Artocarpus heterophyllus (jackfruit) and deposited in BIOTEC Culture Collection (BCC), National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathumthani, Thailand as BCC 15889 T and Biological Resource Center (NBRC), Department of Biotechnology, National Institute of Technology and Evaluation (NITE), Kisarazu, Japan as NBRC 103587 T .
